Background High blood pressure (BP)
Overweight and obesity are modifiable risk factors for cardiovascular disease, and they lead to non-communicable diseases (NCDs) [1, 2] . Further, the clinical diagnosis criteria of metabolic syndrome have been defined as C3 of the following: central obesity, elevated blood pressure (BP), low high-density lipoprotein cholesterol or elevated triglyceride values, impaired fasting glucose and obesity [i.e., body mass index (BMI), waist circumference] [1] . In a survey in Thailand, the prevalence of being overweight and obese (BMI C25 kg m -2 ) among adults is up to 23.8% [3] . Moreover, lack of exercise or sedentary lifestyle is a modifiable behavior that leads to an increased risk of NCDs. It is well known that individual accumulation of 30 min of moderate-intensity physical activity at least 5 days per week or 150 min per week has been recommended in all population groups to increase physical activity [4] .
An accumulation of at least 10,000 steps per day has been shown to meet the necessary minimum current physical activity level required [5] [6] [7] [8] . In recent years, a pedometer or step-counting device has been commonly used to measure and promote physical activity. In addition, the benefits of pedometers are that they are easy to attach, are inexpensive, provide immediate feedback and are non-invasive [9] . Several studies have been conducted in Western countries and reported that walking can decreases BP and the risk of NCDs. However, in Thailand, no study has so far reported on the relationship between increasing physical activity by the accumulation of 10,000 steps per day and the risk of NCDs and also metabolic syndrome. Therefore, the aim of this study is to explore the effect of an accumulated 10,000 steps daily on the risk of NCDs in overweight participants.
Materials and methods

Participants and design
The quasi-experimental cohort study with 12 weeks of follow-up was designed to determine the effect of a pedometer on BP and blood glucose. Thirty-five overweight participants aged 35-59 years old were recruited from the community. The participants who had a known history of neurologic disorder (i.e., stroke) or cardiovascular disease (i.e., myocardial infraction, percutaneous coronary intervention or coronary artery bypass graft), chronic renal failure or disease, or history of psychiatric problems were excluded. The risks of NCDs in the study were defined as raised BP, overweight/obesity (i.e., increased waist circumference) and high blood glucose levels, which can lead to cardiovascular disease and an NCD. The ethics and protocol were approved by the Human Ethics Committee of Thammasat University 065/2555; the approval date was 2 November 2012.
Measures and apparatus
Prior to arrival, all participants were requested to abstain from consuming foods and beverages for 8-12 h prior to the assessment. Upon arrival on the initial study day, participants were given an information sheet. They then gave written informed consent to participate in the study. Blood samples were drawn by a registered nurse for analysis of glucose levels. Measurement of BP, weight and height were obtained. Participants were asked to sit quietly on a comfortable chair while resting BP and heart rate (HR) readings were obtained. BP was measured by an Omron Ò M6 Comfort BP monitor [HEM-7211 (HEM-7211; Omron Healthcare B.V., Kruisweg, Hoofddorp, The Netherlands], which is an automated, non-invasive, oscillometric BP device meeting the revised validation requirement of the 2010 European Society of Hypertension's international protocol [10] . The automated BP monitor was set to read and record BP and HR at 5 and 6 min, respectively, with a 1-min interval reading. An averaged BP was then calculated. The waist circumference was assessed at the level of the umbilicus while the participants were standing. Weight and height were measured for the calculation of BMI [body weight (kg)/height (cm) 2 ]. The participants were required to wear the pedometer (Yamax Digi-Walker SW-200; Yamax Tokei Keiki Co., Ltd., Tokyo, Japan) while following their normal daily routine. After that, the researcher gave them a logbook and then asked the individuals to record their daily walking steps. Baseline daily walking steps were recorded for 5 working days.
After bassline measurement (i.e., 1 week later), the participants who had high blood glucose and high BP levels were informed of their risks. The benefits of increasing their physical activity and walking 10,000 steps daily were explained. After being given the information, the participants were invited to participate in a research project being conducted by the researcher in which they would walk at least 10,000 steps per day, and they were asked to record their steps in a diary for 12 weeks.
At the follow-up session, the participants who had completed the initial study were contacted by telephone and invited for a re-evaluation of the blood glucose and BP levels. Those who agreed to participate were also asked to refrain from drinking and eating at least 8-12 h before the follow-up session. Blood samples and BP were evaluated again. The pedometer and booklet were returned to the researcher. A summary of the experimental protocol is displayed below in Fig. 1 .
Statistical analysis
Steps per day were averaged weekly. The change in the average number of steps per day over the 12-week intervention program was modeled for each participant. Data were presented as a percentage (%), mean and standard deviation (SD). Kolmogorov-Smirnov goodness of fit was tested to verify the normality of distribution. Paired t-test was used to determine whether the pedometer brought about significant changes in BP and blood glucose levels before and after walking intervention programs. Independent sample t-test was performed to indicate whether participants in the follow-up differed from those who did not complete the study after 12 weeks.
Results
The characteristics of the study participants are presented in Table 1 . The mean age was 49.4 ± 6.9 years. The average BP was 129.6/84.4 mmHg, which is pre-hypertension [11] . Further, the average blood glucose level was 127.4 ± 23.1 mg/dl, which is a high fasting glucose level.
The accumulated walking steps at the initial study were 4082.9 ± 2148.2 steps per day, which is defined as an inactive or sedentary lifestyle [7] .
A total of 35 overweight participants (22 females and 13 males) participated in the initial study. However, only 30 participants (85.7%) completed the intervention program including 21 females and 9 males. A total of five (14.3%) participants did not follow the study; one was currently pregnant, one suffered from a herniated disc that led to difficulty walking, and three did not want to participate. Therefore, the results were based on 35 participants at entry and 30 participants at the 12-week intervention. However, there were no significant differences in age, BMI, waist circumference, BP and blood glucose level between those who completed the study and those who did not.
As shown in Table 2 , systolic blood pressure (SBP), HR, waist circumference and BMI were significantly decreased after the pedometer-based intervention program. In addition, increasing physical activity by using a pedometer resulted in a decline in blood glucose levels after the 12-week intervention.
Discussion
The present study evaluated the effect of at least 10,000 accumulated steps daily measured by a pedometer on BP and blood glucose levels in overweight participants. Walking, one alternative for moderate physical activity, is the most common type of activity, and the American Heart Association (AHA) has recommended increasing physical activity. The benefits of walking, in particular for lowering BP, are well documented [12] [13] [14] .
High BP has been suggested to be a non-communicable disease and is one of the components in the definition of metabolic syndrome [1, 2] . The beneficial decrease of BP was demonstrated in the current study, which concurred with other studies. The results confirm recent findings indicating that walking 10,000 steps per day is effective in increasing physical activity. In addition, Freak-Poli et al.
[13] evaluated the effect of pedometer-based walking on the risks of diabetes and cardiovascular disease. They reported that decreased systolic and diastolic BP was observed after a 4-month intervention. The results of the present study showed that increasing physical activity by increasing daily steps can reduce blood glucose levels and the mortality linked to diabetes in accordance with previous studies [15, 16] . In addition, a prospective cohort study indicated that walking, which is a moderate-intensity exercise, significantly decreased the risk for incident hypertension and diabetes mellitus [17] . Of note, waist circumference is relatively associated with the visceral adipose tissue compartment and is also proposed as one of the clinical diagnosis criteria for metabolic syndrome [1, 2] . Kim et al. reported that walking is advantageous for improving metabolic syndrome as well as SBP, fasting plasma glucose, waist circumference and HDL-C. Further, the prevalence of metabolic syndrome was reduced from 39.9 to 20.9% over a 1-year intervention [18] . Hence, the results of the study are consistent with the other evidence that increasing the number of walking steps daily (an accumulated 10,000 steps daily) could reduce the risks of cardiovascular disease including metabolic syndrome (i.e., reduced waist circumference, BP and blood glucose).
Limitations of the study
A few limitations of this study can be noted, which might have affected the results. A quasi-experimental study was designed. Therefore, the control group was not examined. The sample size was relatively small, and most participants recruited were female (70%). Therefore, results cannot be used to draw conclusions for the whole population. HbA1c is recommended as an accurate method for blood glucose analysis, although the measurement of this parameter is not common in Thailand. Results for other health risk factors for metabolic syndrome (e.g., high-density lipoprotein cholesterol or triglycerides) were not reported in the study. A larger sample size with random control trials should be considered.
Conclusion
At least 10,000 accumulated steps per day resulted in a reduction of SBP and blood glucose levels in overweight participants. These results suggest that an increase in physical activity by accumulating at least 10,000 steps per day could possibly reduce the risk of cardiovascular disease and hypertension in overweight adults. BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, CI confidence interval
